In this study, we propose a simultaneous test procedure based on the individual -values for each sub-null hypothesis with several well-known combining functions. We then compare the efficiency of our procedure with existing tests by obtaining empirical powers through a simulation study. Finally, we discuss some interesting features related to simultaneous test and point out a misconduct for the simulation study published in the previous work.
Introduction
The expected values of the two populations are required to be different for the Wilcoxon test to be powerful versus the Kolmogorov-Smirnov test that is well suited if the variances are different (Baumgartner et al., 1998) . Then which test should be chosen when one does not know in advance whether the mean or variance or both might be different? Baumgartner et al. (1998) proposed a test by extending the idea of Anderson and Darling's (1954) for the one-sample case to the two-sample problem. However, one can furnish another methodology by introducing the concept of the simultaneous test for location and scale parameters without further assumptions for the underlying distribution except the continuity. This topic has been initiated by Lepage (1971) with individual nonparametric tests for location and scale parameters and the quadratic form to combine two individual tests. Subsequently, many statisticians, such as Murakami (2007), Neuhäuser et al. (2011) and Marozzi (2012) , have modified and proposed new procedures for this topic with various nonparametric tests for location and scale parameters. All the reviewed results are based on the quadratic form to combine individual nonparametric test statistics. Park (2011 Park ( , 2013 considered some nonparametric procedures for this theme but used different combining functions with the standardized form of statistics.
The null distribution for any given nonparametric statistic can be achieved by applying the permutation principle for a small sample case. For a large sample case, it is customary to consider deriving the limiting null distribution with the large sample approximation theorem; however, high performance computers and efficient software have now made it possible to apply the permutation principle with the Monte-Carlo method.
In this study, we propose a nonparametric simultaneous test procedure and compare its efficiency with those of the several existing tests. This paper will be organized in the following order. In Section 2, we propose nonparametric simultaneous tests based on the p-values of the individual tests using the various combining functions. Then we compare their efficiencies with other existing tests by obtaining empirical powers through a simulation study in Section 3. We apply the permutation principle to obtain the null distribution in the simulation study. In Section 4, we discuss some interesting features related to the simultaneous tests and comment on the errors of the previous work.
A New Nonparametric Simultaneous Test Procedure
Let X 1 , . . . , X m and Y 1 , . . . , Y n be two independent random samples from populations with distribution functions F and G, respectively. In this study, we assume a following location-scale model such as for all x ∈ (−∞, ∞)
for some δ ∈ (−∞, ∞) and η ∈ (0, ∞). We note that δ is the location translation parameter and η, the scale parameter. Then it is of our interest to propose a nonparametric test procedure for testing
According to the approach of Lepage (1971) , one may choose the Wilcoxon rank sum test for the sub-null hypothesis H 1 0 : δ = 0, which is for the location translation parameter only and the AnsariBradley test (1960) for H 2 0 : η = 1, for the scale parameter only. In addition, one may use the Mood test (1954) . We note that the Mood and Ansari-Bradley statistics are even translation invariant and the Wilcoxon score statistic is the odd translation invariant (cf. Duran et al., 1976) . Furthermore it is known that the even and odd translation invariant statistics are uncorrelated (Randles and Hogg, 1971) . Therefore, all the proposed statistics for testing (2.1) have the form of a sum of squares of standardized statistics, which is a quadratic form. However, in this study we will use the p-values of two individual tests to construct the test statistics for testing (2.1) instead of statistics themselves in the spirit of Pesarin (2001) . For this, let λ 1 and λ 2 be the p-values of any chosen two nonparametric individual tests for each sub-null hypothesis for H 1 0 : δ = 0 and H 2 0 : η = 1, respectively. Then we consider to apply the nonparametric combination (NPC) test approach (Pesarin, 2001) . For this, we first review several combination functions briefly.
(1) The Fisher omnibus combining function (Fisher, 1932 ) is based on the statistic
where log means the natural logarithm. Consequently, the null distribution of F follows a chisquare distribution with 4 degrees of freedom if the individual test statistics are independent.
(2) The Liptak combining function (Liptak, 1958) is based on the statistic
where Φ is the standard normal distribution function and Φ −1 , its inverse.
